The title compounds were synthesized by a three-component reaction of 4-hydroxycoumarin, aromatic amines and α,β-epoxy ketones, catalyzed by ZnOZnAl 2 O 4 nanocomposite.
Introduction
Few reports have been published on the synthesis of furo[3,2-c]chromen-4-one derivatives. These compounds are known for their antimicrobial [1] , anti-inflammatory [2] , antiviral [3] and antibacterial activities and are DNA intercalating agents [4] . Their synthesis involves a fourcomponent reaction of nitrostyrenes, aromatic aldehydes, coumarins and ammonium acetate [5] , a Bu 3 P-mediated C-acylation/cyclization approach [6] , a three-component reaction of 2,4′-dibromoacetophenone, benzaldehydes and 4-hydroxycoumarin under microwave irradiation [7] , radical cyclization of hydroxyenones with electron-rich alkenes [8] and a Pd-catalyzed cascade of 1,4-addition and cyclization [9] , among others. The three-component reaction of aromatic amines, 4-hydroxycoumarin and α,β-epoxy ketones leading to the formation of 3-aryl-2-[(aryl)-(arylamino)]methyl-4H-furo[3,2-c]chromen-4-ones, as reported in this paper, has not been previously described.
This work is a continuation of our efforts devoted to the improved synthesis of heterocyclic motifs [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
Results and discussion
ZnO-ZnAl 2 O 4 nanocomposite was prepared through coprecipitation from an equimolar solution of zinc acetate and aluminum nitrate. The surface morphology and particle size analysis were performed using field emissionscanning electron microscopy (FE-SEM) and dynamic light scattering (DLS) techniques and the results are shown in Figure 1 . FE-SEM images show that the nanocomposite is composed of amorphous particles and is a homogenized mixture of ZnO and ZnAl 2 O 4 phases. The prepared nanoparticles were evaluated by X-ray diffraction (XRD). Although the broad peaks of zinc aluminate cover the peaks of zinc oxide, the XRD pattern is consistent with the formation of the two-phase nano-zinc oxide and zinc aluminate. The hexagonal phase of ZnO is characterized by peaks at 31. 8 The DLS technique was used to determine the particle size distribution. The results show that the samples consist of particles <100 nm in size. Before analysis, the sample was dispersed in ethanol (1 g in 25 mL) and sonicated for 30 min. The mean particle size determined by this method was 56 nm.
The condensation reaction of phenyl(3-phenyloxiran-2-yl)methanone (3a, 1 mmol), 4-hydroxycoumarin (2, 1 mmol) and aniline (1, 1 mmol) in the presence of the catalyst (Scheme 1) was investigated as a model reaction under solvent-free conditions and in different solvents including H 2 O, EtOH, aqueous EtOH (50%), n-hexane and CH 2 Cl 2 . The temperature and the amount of catalyst were also varied. In solution, the reaction was successful only in aqueous ethanol, furnishing the product in a 22% yield. Under optimized conditions, the solvent-free reaction leading to 4a was conducted at 120°C. Following these optimization studies, various derivatives of the 3-aryl-2-[(aryl) (arylamino)]methyl-4H-furo[3,2-c]chromen-4-ones were prepared. In all cases, the reaction proceeded well and the products were obtained in moderate to good yields.
Finally, the catalyst was recovered from the reaction medium by filtration and used for new reactions. It was found that the catalyst could be reused for five successive runs without loss of its catalytic activity. 
Conclusion

Experimental
The powder XRD patterns were measured with a D 8 -Advance diffractometer (Bruker) using Cu-Kα irradiation. The 1 H nuclear magnetic resonance (NMR) (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a Bruker Avance DPX 400 instrument. The spectra were 
Preparation of ZnO-ZnAl 2 O 4 nanocomposite
Zinc acetate (20 mmol) and aluminum nitrate (20 mmol) were dissolved in 100 mL of water in a 250-mL beaker (solution A). In a separate beaker, 2-aminoethanol (120 mmol) was dissolved in a mixture of water (50 mL) and glycerine (10 mL) (solution B). Solution B was slowly added dropwise to the solution A under vigorous magnetic stirring. The mixture was continuously stirred for another 60 min. The resulting precipitate was filtered, washed with water several times, dried in an oven and finally calcined at 700°C for 2 h.
Preparation of compounds 4a-i
A mixture of aromatic amine 1 (1.0 mmol), 4-hydroxycoumarin (2, 1.0 mmol), α,β-epoxy ketone 3 (1 mmol) and ZnO-ZnAl 2 O 4 nanocomposite (0.025 g) was heated at 120°C for 3 h. After the completion of the reaction, as monitored by thin-layer chromatography (TLC) eluting with EtOAc/hexane (1:9), the resultant solid was dissolved in hot ethanol, and the solution was filtered and concentrated. The product 4a-i was crystallized from ethanol. 
3-Phenyl-2-[(phenyl)(phenylamino)]methyl-4H-furo[3,2-c] chromen-4-one (4a) Yield
3-Phenyl-2-[(phenyl)(2,4-dichlorophenylamino)]methyl-4H-furo[3,2-c]chromen-4-one (4b) Yield
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